THE value of a correct diagnosis of the presence of gall-stones in the gall-bladder or bile ducts is very great. The differential diagnosis between symptoms caused by gall-stones and conditions which give rise to similar symptoms is very difficult. In the consideration of lesions on the right side of the abdomen we have to remember that there are so many structures situated in the same region which may give rise to perplexing symptoms, that any method of examination which is likely to aid in the differential diagnosis is worth any trouble its execution may entail. The X-ray-examination of the liver and structures in its vicinity is extremely useful, and, if the percentage of accurate diagnoses can be increased, the value of the method will, of course, rise proportionately to this increased percentage of accuracy. It is, therefore, essential that all steps should be taken to ensure the proper carrying out of the technique. It is also imperative that the radiologist should be conversant with the anatolmy of the region, and that he should have a sound working knowledge of clinical medicine. With these should be coupled a familiarity mith the radiogram and its interpretation. A review of the literature of the radiography of the liver, gall-bladder and bile ducts, is instructive: it reveals a gradual conversion of radiologists from an attitude of almost sceptical indifference to one of overweening confidence in the belief that gall-stones may be diagnosed in a very large percentage of the cases examined. This percentage rises as high as between 80 and 90 with a number of workers, and falls as low as 5 to 10 with others. A diversity so great requires careful consideration before a decision can be arrived at regarding the value of radiography in the diagnosis of the pre sence of gallstones. It is obvious that there 'must be an explanation of this great difference of opinion. It may be largely explained in a difference in the technique employed by various workers, and the importance they attach to the exhibition of doub tful shadows. The technique is readily standardized, so this should offer no serious obstacle to an understanding of the value in the future. Critical workers refuse to admit a doubtful shadow as having any value in diagnosis. This is too strong a position to assume, since the value of a doubtful shadow is very difficult to estimate. It should not be taken as an indication for operation when clinical signs and symptoms do not support the suggested diagnosis. A negative radiographic report is of no value, because it is not possible to demonstrate all cases of gallstones, and we have the authoritative statement of C. H. Mayo, who says that " to depend upon radiographic evidence as now developed alone would be to step back twelve years in the advance of gall-bladder and bile-duct surgery." A careful study of the doubtful shadow is of value, if for no other reason than that it encourages research and stimulates the observer to obtain better results, in order that a more positive opinion may be expressed. The observation and recording of all doubtful shadows must be of value when operative measures are afterwards employed, because then the findings of radiography may be compared with those conditions which are found at the operation. In this way valuable aids to diagnosis may be acquired. Until quite recently, in. company with the majority of workers, I was sceptical with regard to the value of radiography in the diagnosis of gall-stones. During many years of observation I had met with only a few cases which could be positively diagnosed as gall-stones. The recorded observations of workers in various parts of the world-notably Thurstan Holland, in England; Ledoux-Lebard, in France; Carman and Miller, Lennard and George, and Case, in America; and Macleod, of Shanghai-induced me to make a careful study of the literature of the subject, the technique employed, and a critical examination of the published radiograms. This led to experimental work with calculi, comparisons of density of tissues, absorption of radiations, and particularly to an inquiry into the photographic processes employed.
The investigations were carried out under the following heads: (1) Anatomical considerations; (2) pathology of gall-stones-classification;
(3) experimental investigation on absorption coefficients of gall-stones and surrounding tissues; (4) radiographic appearance of gall-stones; (5) technique of the examination; (6) situations in which gall-stones may, be found; (7) differential diagnosis; (8) the pathological gallbladder; (9) record of cases. I do not propose to burden you with the results of all these investigations, but I wish to show you a number of explanatory slides.
Knox: Radiography of Gall-stontes
The first slide, and the three which follow, are taken from "Cunningham's Anatomy." They demonstrate the position of the gall-bladder and its anatomical relationships. The portion of the gall-bladder which is in relation to the anterior abdominal wall is situated at the level of the ninth costal cartilage. Note how little of the gall-bladder is visible from the front.
Here is a photograph of the liver viewed from the front, showing the portion of gall-bladder which comes below the inferior border of the liver in the normal subject. The next slide shows the liver viewed from behind, and here we have a fairly good picture of the gall-bladder, its position, and its relation to the common bile duct. You will note the depth to which the gall-bladder goes beneath the liver.
The next picture shows the structures between the layers of the lesser omentum: it shows the gall-bladder, hepatic ducts, the common duct, and the cystic duct, down to the duodenum. In it are seen the relations of the gall-bladder and ducts to the surrounding structures. It is useful to remember the position of the common duct in relation to the gall-bladder. The next picture is from "Symington's Sectional Atlas of Anatomy." It is extremely important when you have to consider the position of a shadow on the photographic plate, because if you realize that the gall-bladder and the common duct lie in different planes, and that a shadow of a stone in the common bile duct might come in front of the body of the vertebra and .be lost in the picture.
To facilitate the examination of the patient a simple table-top was constructed with a hinged part in the middle which permits the ends to be raised so that the patient may be placed on the slope. I show you the position for the gall-bladder from the front, and the plate is seen beneath. In the kidney position there is complete relaxation of the parts, and a close approximation of the patient's back to the plate. This table-top is simply constructed: it is made of three-ply wood and has a rack arrangement at each end.
The next stage of the investigations led to a large number of experimental exposures of stones of various kinds, with the intention of finding their approximate density. I show you pictures of some small gall-stones and some larger ones. You also see a stone of greater density with the peripheral margin well shown.
Next, you see a collection of gall-stones put into a finger-stall and radiographed: also one of the stones which was split open to show the structure. These were radiographed many times under varying condi-tions of current, conditions of tube and duration of exposure. The prints exhibited on the wall give the results of two experiments. There is also a photographic enlargement of a stone cut in two to show the internal structure.
Here is another taken with a penetration scale of the same stones to find out the best quality of radiation with which to radiograph those calculi. I show you the scale with the number of steps of aluminium of known thickness, 32, 16, 8, 4, 2, and 1 mm. The penetration scale is extremely useful in experimental work. The next slide is one of the first pictures I took of a gall-stone, now many years ago. It is piece of liver, with the gall-bladder projecting below, and in the end of the gall-bladder is a well-defined shadow of a stone. What struck me at that time was the fact that liver substance cast a denser shadow than did the gall-stone, so that if a gall-stone were behind the liver there would be no shadow cast on the plate. That left me for a long time in a very uncomfortable frame of mind, because I had the idea that it was impossible to demonstrate a gall-stone if it happened to be in or behind the liver. That appears to be wrong: perhaps we shall hear some views on that in the discussion.
The next slide shows a kidney split open, with calculi and various chemical deposits of varying density in its interior. I show this because a shadow of similar density in the region of the kidney might easily give a similar shadow to that of a gall-stone viewed from the front. Renal calculi may simulate the appearances of gall-stones when the internal structu-re of the stone is shown in the radiogram. In these cases very fine detail may be shown. Here, for example, is a calculus in the urinary bladder, in which the detail is extremely well shown, from the nucleus to the periphery. The next is somewhat apart from gall-bladder work, but it shows the density which you can obtain, even in a radiogram in the human subject. Here is the same calculus after removal from the urinary bladder showing a definite nucleus: you can see the various layers and a central nucleus.
I now show a calculus of another kind, a salivary calculus, situated behind the jaw. It was taken with the plate in the mouth, and the rays were projected from under the chin. The detail of the calculus is well seen.
The next stage of the investigation took us to the absorption of radiations by the tissues. The slide illustrates an experiment which was carried out on beef. Each of these layers is 1 in. thick, and various radiations were projected through those on to photographic papers at the different levels. These were carefully collected, and the percentage of radiations passing through and reaching each level was estimated at the end of the exposures. Filtered and unfiltered rays were used. There is a rapid drop in the penetration after the first inch, in the second inch it is less rapid, while at the fourth inch very little gets through. The same was seen with the filtered ray. Curiously enough, both the filtered and the unfiltered rays drop to practically the same level at the end of the second inch. I show that to indicate that in radiography of the gall-bladder or of the kidney there is a very great absorption by the tissues in the first two or three inches, so that if a so-called " soft tube" is used for these exposures you can realize that the bulk of the radiations are absorbed by the tissues before they get near the plate on which it is desired to obtain an impression.
Here is another experiment on penetration. A dried femur was radiographed along with a penetrometer scale, with spark lengths of 2, 4, 6, 8, 10 in. The tube was a Coolidge, and the. exposure was the so-called instantaneous, or single flash. Note the gain in penetration with the increase of the spark length and the detail becoming progressively greater with the increase in the spark gap. Now we come to a consideration of the demonstration of gallstones in the patient. The particular patient from whom the plates were obtained was sent with the definite history of a tumour felt under the liver. I examined the case very thoroughly, and was certain I could feel, under the liver, a definite resistance, and I went farther and concluded I could almost feel the outline of the gall-bladder and gallstones. Accordingly, I exposed a plate in the kidney position for four seconds. During the middle of the exposure the patient must have moved, because a blurred shadow was obtained, and one could not arrive at a diagnosis from such a plate. I felt so convinced that I had to deal with a gall-stone case that I persevered. The patient was placed in the prone position, and the shoulders elevated, with the plate beneath; a somewhat shorter exposure was made. A much more definite picture was obtained, but nothing so clearly defined as the final one taken with an intensifying screen and an exposure of half a second. In this you can see the outline of the thickened bladder wall. The patient was admitted to hospital three weeks afterwards, and again examined. The swelling had entirely changed in character; it was smaller, but could just be felt. The explanation of the 'difference in the two pictures is interesting: In the first picture, the gall-bladder was, presumably, dis-tended with some fluid, probably bile. The patient at the first examination complained of a very distinct sense of distension in the region, also pain, but at the second examination it appeared that the pain and feeling of distension had gone, and she felt much more comfortable; In the interval the gall-bladder had probably emptied some of its liquid contents, had contracted on the stones, giving the sausage-shaped appearance. The case was operated upon, and the next slide shows the radiogram of the gall-bladder after removal.
The next slide is from a case of Dr. Thurstan Holland's, showing gall-stones in the gall-bladder in a case which had had an opaque meal. The shadows are characteristic of gall-stones.
The next slide is also from Dr. Thurstan Holland. He demonstrated a group of shadows which are not very sharp, and he explained that the reason of the lack of sharpness was that the plate was taken in the kidney position, and that the stones being a considerable distance from the plates are not so sharply defined.
The next is probably the first definite case of gall-stones which I came across. There was a definite shadow under -the liver, and you see a number of opaque shadows with the transparent centres. This case was not confirmed by operation. A diagnosis of gall-stones was made in this case.
A few days after seeing the case of multiple gall-stones, I had a case at hospital which, on routine examination, showed a definite and very dense shadow in the renal region, and the question arose as to whether it was a renal calculus, a gall-stone; or a foreign body. This case received a good deal of investigation, and we succeeded in getting a fairly good lateral plate, which shows a definite shadow of the stone lying a little in front of the anterior border of the vertebrae. That, to my mind, is the diagnostic point between renal and gall-bladder calculi, If you can succeed in demonstrating the lateral picture of one or the other, you can fairly well say whether a stone is in the kidney or in the gall-bladder. It is not easy to get a satisfactory plate, but it is worth while making a good trial. This case was operated upon, and the stone was found to be in the common bile duct, and it was removed.
A few days afterwards, I had another case, in which I got a very definite shadow between the eleventh and twelfth ribs, though not so dense as the one I have just shown you. In both there was that curious appearance in the middle of the shadow which suggested the appearance of a button: in fact in both the cases I carefully inquired as to the possibility of a button being there. The lateral view clears up that point, because a button would not show in both the anteroposition and the lateral position. The following slides are shown to illustrate points in the differential diagnosis.
Here is an ordinary renal calculus, showing the characteristic appearances of these shadows. This should be compared with the round stone in the common bile duct.
The next shows four shadows in a kidney. Here you have the shadow of the kidney to guide you. You may have a shadow in the kidney and another in the gall-bladder in front of it, and that is where a lateral view would settle the question at once. There are other methods of doing that. Stereoscopic plates might be taken, or you could shift the tube, so as to throw one shadow clear of the other. Here is a print of Dr. Thurstan Holland's which shows the relationship between the kidney and gall-stones. The kidney shadow is beautifully shown. Just below the kidney shadow are two gall-stones, and clearly separated from the kidney shadow. This picture is one of the best diagnostic radiograms it is possible to obtain.
The differential diagnosis of gall-stones is complicated' by shadows, which might come in the region of the gall-bladder or kidney, and give rise to much doubt as to their nature.
The next slide is from a case of calcified mesenteric glands: you see a calcareous nodule lying between the two ribs, which would be very difficult to distinguish when met with on the right side: this happened to be on the left side. The patient had calcified glands removed from the peritoneal cavity on two occasions before being examined for gall-stones. A faecal accumulation might give rise to a difficulty in diagnosis. The radiogram shows a large faecal mass in the kidney region: its nature was settled by free purgation and another radiographic examination. The question of differential diagnosis is often complicated when a shadow is seen of the character I now show you situated on the under surface of the liver. The patient was sent for examination to eliminate gall-stones: there was a large shadow in the gall-bladder region, but no evidence of a calculus could be found. It turned out to be an empyema, and pus was coming down from behind, giving the appearance seen in the radiogram.
Malignant disease of the' gall-bladder will give a shadow if the growth is at all extensive.
There is a great deal more which might be said on the diagnosis of gall-stones, particularly in regard to technique, but there is not time to enter fully into that. I may say, however, that much depends on the type of the plate. The usual mistake is to get negatives which are much too dense, so that it is difficult to differentiate shadows.
Dr. R. W. A. SALMOND.
This Section is deeply indebted to Dr. Knox for having opened this discussion on the diagnosis of gall-stones. It must be only too evident, judging from our published results and our contributions to the literature, that we, in the past, have been somewhat behind our friends in the States. It is hoped that to-night's discussion will tend to level up this difference.
First, as to technique. The patient has to be properly prepared as for a kidney examination, and if you are going to depend on one position, the plate should be placed on the front, because both gallbladder and duct are nearer to the front of the patient than to the back. So, taken from above, the patient would be lying prone, and the upper part of the chest, as Dr. Knox mentioned, should be raised.
There are very sound reasons for this attitude being adopted. First, when the patient is prone, the liver gravitates towards the front; and, secondly, with the upper part of the chest raised, the costal cartilages are kept clear of the anterior margin of the liver and gall-bladder. In fact, it is the exact reverse of what takes place when the patient is supine, for then the liver gravitates towards the back and also recedes up behind the costal cartilages. Also, a lateral view is of great help, especially in differential diagnosis. The possibility or ease or difficulty of showing up gall-stones depends very largely on the thickness of the patient and on the composition of the stones. To put it in a nutshell, the chemical composition of gall-stones may be said to vary from nearly pure cholesterin-it is impossible to get it quite pure-to nearly pure lime salts, with every intermediate stage. Unfortunately for radiologists, the tendency is towards the cholesterin side of the scale. Naturally, it is much easier to show up a stone containing a fair amount of lime salt than one of nearly pure cholesterin which is composed of elements of low atomic weight.
The essentials for the radiography of gall-stones are, it is considered:
